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[57] ABSTRACT 

Link performance is measured in a code division multiple 
access (CDMA) personal communication service (PCS) or 
cellular system, or other type of wireless system, using a test 
set-up which permits the simulation of various changes in 
system configuration. An illustrative embodiment includes a 
first attenuator arranged in a common portion of a receive 
path and a transmit palh of a mobile station of the system, 
and a second attenuator arranged in cither a receive-only 
portion of the receive path or a transmit-only portion of the 
transmit path. The amounts of attenuation provided by the 
first and second attenuators are decoupled such that a 
different amount of attenuation can be provided on the 
transmit path than on the receive path. Performance of 
forward and reverse links of the system are measured while 
varying a value of at least one of the first or second 
attenuators. For a given measurement, the attenuator values 
may be selected to simulate performance of the system in a 
configuration in which base station amplifier power is 
increased or decreased. As another example, the attenuator 
values may be selected to simulate performance of the 
system in a configuration in which cell size is increased. This 
arrangement of decoupled forward and reverse link attenu- 
ation in accordance with the invention permits efficient and 
accurate determination of link balance conditions. 

23 Claims, 7 Drawing Sheets 
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METHODS AND APPARATUS FOR 
DETERMINING FORWARD AND REVERSE 
LINK PERFORMANCE IN A WIRELESS 
COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

The present invention relates generally to wireless com- 
munication systems and more particularly to techniques for 
estimating link balance, effects on performance of an 
increase in base station transmitted power, and other per- 
formance conditions in a wireless code division multiple 
access (CDMA) system. 

BACKGROUND OF THE INVENTION 

Effective implementation and use of wireless communi- 
cation systems, such as code division multiple access 
(CDMA) Personal Communications Service (PCS) systems 
based on the IS-95 standard, requires accurate measurement 
of forward and reverse link performance. A CDMA PCS 
system is typically designed by computing cell coverage 
based on mobile transmit power constraints, and by ensuring 
that the forward (i.e., base-to-mobile) link renders the 
mobile receivers substantially interference limited within 
the cell. In such systems, it may be desirable to determine 
the effect of a particular change in system configuration on 
the forward and reverse links. For example, in a system in 
which the base stations are set to 1.2 Watts of pilot power 
(i.e., they utilize 15% of the available power of an amplifier 
with 8 Watts of long term average power) for signal 
transmission, a question may arise as to whether or not 
system performance and/or capacity can be improved by 
increasing the size of the amplifiers to provide 16 Watts of 
long term average power. Other questions which may arise 
include whether or not the cell size could be increased in a 
given system while still providing desired performance and 
capacity levels. 

Unfortunately, conventional link measurement techniques 
are unable to simulate these and other changes in system 
configuration. Such techniques are, for example, unable to 
modify a test mobile station in a manner which has sub- 
stantially the same effect on performance and capacity as an 
actual system -wide increase in base station amplifier power 
or an actual increase in system cell size. As a result, 
conventional techniques make it very difficult if not impos- 
sible to determine accurately and efficiently whether or not 
a particular change in system configuration will produce the 
desired performance and capacity results. Furthermore, 
these techniques fail to take into account the dynamic nature 
of a CDMA system, and the fact that the issue of link balance 
in a CDMA system can be position dependent. The conven- 
tional techniques therefore do not provide a sufficiently 
accurate indication of link balance between forward and 
reverse links. 

As is apparent from the above, a need exists for improved 
techniques for measuring forward and reverse link perfor- 
mance in a wireless communication system, such that an 
accurate indication of link balance can be obtained without 
the need for cosily and time-consuming system reconfigu- 
ration. 

SUMMARY OF THE INVENTION 

The invention provides methods and apparatus for mea- 
suring forward and reverse link performance and determin- 
ing link balance in a wireless communication system. An 
illustrative embodiment of the invention is an apparatus 



14,638 

2 

which permits the simulation of various changes in system 
configuration. The apparatus includes a first attenuator in a 
common portion of a receive path and a transmit path of a 
mobile station of the system, and a second attenuator in 

5 either a transmit-only portion of the transmit path or a 
receive -only portion of the receive path. This arrangement of 
attenuators effectively decouples the amount of attenuation 
provided on the forward (i.e., base-to-mobile) link from that 
provided on the reverse (i.e., mobile-to-base) link. Perfor- 

10 mance of the links can then be independently measured, 
thereby allowing an accurate and efficient determination of 
link balance. In one possible implementation of this 
embodiment, the decoupling is provided through the use of 
a circulator connected between a mobile receiver and a 

15 mobile antenna in the apparatus. The first attenuator is 
connected in the common portion of the receive and transmit 
paths between the circulator and the antenna, and the second 
attenuator is connected in either a receive-only or transmit- 
only path provided in parallel with the circulator. Other 

20 decoupling mechanisms may also be used to decouple the 
amount of attenuation provided for the forward and reverse 
links. 

The invention can be used to simulate various alternative 
configurations for an existing system. For example, the 

25 attenuator values can be selected to simulate performance of 
the system in a configuration in which base station amplifier 
power is altered relative to that of an existing system 
configuration. Similarly, the attenuator values can be 
selected to simulate performance of the system in a con- 

30 figuration in which cell size is increased relative to that of an 
existing system configuration. Other configuration changes 
could also be simulated using the techniques of the inven- 
tion. 

Although particularly well suited for use in conjunction 
35 with CDMA PCS systems, the invention can be imple- 
mented in a wide variety of other types of wireless com- 
munication systems. The invention provides efficient and 
accurate link measurements and link balance indications for 
changes in system configuration, without the need for costly, 
40 time-consuming and in many cases highly impractical actual 
system reconfiguration. These and other features and advan- 
tages of the present invention will become more apparent 
from the accompanying drawings and the following detailed 
description. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an exemplary code division multiple access 
(CDMA) wireless communication system in which the link 
performance measurement techniques of the invention may 
50 be implemented. 

FIG. 2 shows an exemplary link balance test set-up in 
accordance with an exemplary embodiment of the invention. 

FIG. 3 is a plot of average frame error rate (FER) as a 
5S function of attenuation values in an exemplary forward link 
performance measurement in accordance with the invention. 

FIGS. 4A — 4C illustrate the manner in which attenuation 
values may be used to simulate different system configura- 
tions using the techniques of the invention. 
60 FIG. 5 is a plot of error rate for forward and reverse link 
performance in a hypothetical system configuration, illus- 
trating link balance concepts in accordance with the inven- 
tion. 

FIGS. 6 A — 6C are plots showing measurement results for 
65 forward link performance, forward link capacity and reverse 
link performance, respectively, in an exemplary measure- 
ment using the techniques of the invention. 
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FIG. 7 shows a comparison of forward and reverse plots shown in FIG. 1 is typically designed by computing cell 
for use in determining a link balance condition in accor- coverage based on mobile transmit power constraints, and 

dance with the invention. then ensuring that the forward link renders mobile receivers 

substantially interference limited within the cell. A given 

DETAILED DESCRIPTION OF THE 5 Unk in a CDMA system can be artificially stressed by 

placing variable attenuators at a test mobile station. Variable 

The present invention will be illustrated below in con- or fixed attenuators will generally be referred to herein as 
junction with an exemplary IS-95 code division multiple attenuator pads or simply pads. The test set-up 30 of FIG. 2 
access (CDMA) wireless communication system. It should includes a test mobile station 32 with a circulator 34 and an 
be understood, however, that the invention is not limited to 10 antenna 38. A common-path pad 36 is coupled between the 
use with any particular type of communication system, but antenna 38 and one port of the circulator 34. The common- 
is instead more generally applicable to any wireless system path pad 36 is thus arranged in a common portion of the 
in which it is desirable to provide accurate and efficient link transmit and receive paths in test set-up 30. The common- 
performance measurements. For example, although the tech- pat b pa a 36 serves to adjust the total received power (i.e., 
niques are illustrated with reference to IS-95 CDMA cellular signaI plus interference) in a manner consistent with system- 
and personal communications service (PCS) systems, it will wide use of base station transmit am , ifiers with eitner 
be apparent to those skilled in the art that the techniques are ni her 0f lower ^ common ath d 36 also 
also apphcable to other CDMA systems, as well as to other ^ {Q increase me ^ * " ^ 
types or wideband and narrowband wireless systems. The c u j . • i * „ • 
term "forward link" refers generally to a base-to-mobile 20 f ° re , be ^ *° S ' m a " ^JV*" S15 f 
communication link, while the term "reverse link" refers ^mgle-path pad 40 is coupled to other ports of the circulator 
generally to a mobile-to-base communication link. The term ? 4 50 as 10 P rovide an additl0nal P atb ^ss in a single path 
"attenuator" as used herein should be understood to include either a transmit-only path or a receive-only path, but 
fixed or variable attenuator pads as well any other type of not botn )> bevond that provided by the common-path pad 36, 
fixed or variable attenuation device. 25 between the test mobile 32 and the antenna 38. Coupling the 

FIG. 1 shows an exemplary cellular or (PCS) system 10 single-path pad 40 with the circulator 34 as shown allows 

in which the invention may be implemented. The system 10 either lne reverse Unk P aln loss or the forward link P ath loss 

is configured in accordance with TIA/ELA/AIS-95A, 10 be increased without affecting the path loss on the other 

"Mobile Station— Base Station Compatibility Standard for 30 link ' lllus ' different amounts of attenuation can be provided 

Dual-Mode Wideband Spread Spectrum Cellular System," for the forward and reverse links in the test set-up 30. 

Jun 1996, and ANSI J-STD-008 "Penpal Station-Base FIG. 3 is a plot showing exemplary forward link perfor- 

Stahon Company Reqmremente for 1.8 to a^OGHzCode mance „ measured usi ^ test V 30 of FIG. 2. The 

Division Multiple Access (CDMA) Personal Commumca- lf , r c • 

tion Systems," both of which are incorporated by reference „ pl ° l ^T^lll^i ?f ° rmance m ter u ms of frame 

herein. The system 10 includes a mobile station (MS) 12 and 35 e ™ 1 ^T™ P&th attenuatl0n 

a number of base stations BS1, BS2, BS3 and BS4. The base value in decibels < dB )- 11 can be seen from the P lot lhat the 

station BS1 of FIG. 1 represents a primary base station, avera S e FER for the forward lmk * betweeo ab ™t 1.0 and 

communicating with mobile station 12 via the path desig- 12 for receive P ath a "enuation values between about 0 dB 

nated by solid arrow 24. The primary base station BS1 40 and 20 dB. However, the link performance begins to degrade 

communicates with the mobile station 12 using CDMA significantly for receive path attenuation values of about 25 

techniques described in the above-cited standards docu- d ^ or more. Varying the amount of receive path attenuation 

ments. As the mobile station 12 moves within the system 10, provided by the test set-up 30 can thus be used to charac- 

handofls may occur such that base stations other than BS1 terize the performance of the forward link. Similarly, vary- 

become primary base stations for communicating with the 45 ing the amount of transmit path attenuation provided by the 

mobile station 12. For example, a communication involving test set-up 30 can be used to characterize the performance of 

mobile station 12 may be handed off from BS 1 to one of the the reverse link, 
base stations BS2, BS3 and BS4 as the mobile station 12 

moves through the system. The mobile station 12 receives FIGS * 4A_4C lilustrale how variations in the receive path 
pilot signals from and communicates hand-off related infer- attenuation value can serve to adjust the total received power 
mation to these other base stations via the paths indicated by al the test mooiJe 32 in a manner consistent with system- 
dashed arrows 26. w ^ de use °f amplifiers of a particular power level. Each of 

The CDMA PCS system 10 also includes first and second FIGS * 4A_4C show four exem Pl a 'y 45-1, 45-2, 45-3 

mobile switching centers (MSCs) 14-1 and 14-2. A given and 45-4 of an N * ce11 svstera - The <*Us 45-/ are illustrated 

MSC typically connects several BSs with a public switched 55 as havin S a hexagonal shape. Each of the cells 45-/ includes 

telephone network (PSTN) 16. In this exemplary a base station 47 with a three-sector directional antenna .The 

embodiment, MSC 14-1 connects base stations BS1 and base stations 47 in the cells 45-/ communicate with signals 

BS2 with the PSTN 16 and MSC 14-2 connects base stations transmitted in sectors SI, S2, S3 and S4 as well as other 

BS3 and BS4 with the PSTN 16. The system 10 also sectors not specifically enumerated. All of the sectors in this 

includes a memory 18 having a number of registers includ- 60 example share the same frequency. The test mobile 32 is 

ing a home location register (HLR) 20 and a visitor location assumed to be in cell 45-1 at the location indicated by the X. 

register (VLR) 22. The HLR 20 and VLR 22 store user data FIG. 4A shows Case A, in which each of the base stations in 

and billing information for each mobile station 12 of the the cells 45-/ is assumed to include an 8 Watt long term 

system 10. average power amplifier, and the total receive path attenu- 

FIG, 2 illustrates an exemplary test set-up 30 for imple- 65 alion value in the test set-up of FIG. 2 is set to 10 dB, The 

menting a link balance measurement in accordance with the signal-to-interference ratio EJl 0 at the test mobile 32 for 

invention. As noted above, a CDMA system such as that sector SI in Case A is given by: 



02/26/2004, EAST version: 1.4.1 



6,154,638 

5 6 

links are evenly attenuated; (2) measuring the forward and 

e c s/j reverse link system performance along the drive route for 

= (Si + S2 + S3 + S4 + . „ + Thermal Noiscj the corresponding receive path attenuation; (3) increasing 

the receive path attenuation by a designated amount, such as 

, „ 5 4 dB, keeping all other system parameters unchanged; (4) 

in which Sfl refers to the power of a sector SI pilot signal measuring me forward and reverse link per f ormance along 

received at the test mobile 32 over the forward link and Si lhe ^ rQUte fof ^ inCfeased feceive h allemiatio * 

refers to the total power received at the test mobile 32 from , /C \ , /->\ j /A \ • * L 

the ith sector. FIG 4B shows Case B, in which each of the an ? ^ rC P e t aUn S sle P s < 3 > and ,. 4 ' i^reasmg the receive 

base stations in the cells 45-/ is assumed to include a 16 Watt P ath a » enuatl0n each tunc, until the forward link perfor- 

amplifier, and the total receive path attenuation value in the 10 ™ nce j^ ins t0 ? egrade " ^ syslem P er f°/ mance ™ ste P s 

test set-up of FIG. 2 remains set to 10 dB. In this case, the < 2 ) and ( 4 > mav be measured in terms of frame error rate 

signal-to-interference ratio EJl 0 at the test mobile 32 for (FER) or other suitable parameters. As described previously, 

sector SI is given by: a decrease m receive path attenuation simulates a system- 
wide increase in base station amplifier power level, while an 

E 2xSf/ 15 increase in transmit path attenuation simulates an increase in 

— = system cell size. 

I 0 (2*(S1 +52 + S3 + S4 + ... ) + Thermal Noise) J TI . . ... . . - . , . , , 

Upon the initial iteration of step (3) above, with the 
receive and transmit path attenuation values increased by 

FIG. 4C shows case C, in which the same sector SI about 4 dB relative to their values in step (2), it may be 

signal-to-interference ratio E^Iq as Case B is produced not 20 found that the FER performance of the forward and reverse 

by doubling the amplifier power in each of the cells 45-/, but links remains substantially unchanged. This invariance in 

instead by decreasing the value of the total receive path performance is not unexpected. At the forward link mobile 

attenuation in the test mobile 32 by 3 dB. It is therefore receiver, the additional 4dB receive path attenuation essen- 

apparent that the total receive path attenuation value in test tially reduces the desired user power by 4 dB, but also 

set-up 30 can be used to simulate a system- wide increase in 25 reduces the power of the other system users (i.e., CDMA 

base station amplifier power. internal interference from the same sector and from other 

As noted above, the test set-up 30 can increase the reverse sectors/cells) by 4 dB. Provided that internal interference is 

link path loss independently of the forward link receive path. much greater than the thermal noise floor, the system is 

The test set-up 30 can therefore be used to characterize the interference limited, and an equal reduction in signal and 

performance of the reverse link for a system with a larger 30 noise will make substantially no difference in the perfor- 

cell size, without any alteration in the actual size of the mancc of the system. The performance of the reverse link is 

existing cells. For example, if one would like to test the similarly unaffected because the test set-up 30 can be seen 

performance of a proposed system in which existing cell size as essentially increasing the reverse link path loss by 4 dB. 

is increased such that the mobile-to-base reverse link is If there is sufficient mobile transmit power available, power 

"stretched" by an additional 3 dB, setting the total transmit 35 control functions in the system will act to provide the 

path attenuation value to 3 dB will simulate such a system. additional 4 dB of power, and the reverse link performance 

The test set-up 30 thus allows performance to be measured will remain substantially unchanged, 

for a variety of different system configurations without the As the receive path loss and transmit attenuation values 

need for a time-consuming, expensive and often highly are increased in subsequent iterations of the above-described 

impractical actual reconfiguration. 40 measurement process, the performance of the forward and 

An exemplary performance measurement process will reverse links will generally start to degrade. For example, at 

now be described illustrating use of the test set-up 30 to sufficiently transmit path attenuation values, the reverse link 

perform link performance measurements in an IS-95 CDMA should start to degrade because the mobile transmitter will 

PCS system such as that shown in FIG. 1. It will be assumed not have sufficient power to overcome the net (i.e., real plus 

without limitation that the system is designed for in-building 45 pad-induced) reverse link path loss to the base station 

or in-vehicle coverage, and hence with some amount of receiver. At the forward link mobile receiver, higher receive 

margin, a maximum mobile transmit power of 23 dBm, and path attenuation values will eventually render thermal noise 

a mobile receiver sensitivity of approximately -104 dBm power comparable to CDMA internal interference power. At 

(which is the IS-95 current standard). Initially, a "drive that point, the system is no longer interference limited, and 

route" is selected that passes through several cells of the 50 further increases in receive path attenuation will result in a 

system, such that a test mobile on this route will pass in and degradation of E^q and a corresponding degradation in 

out of several different cell sectors. Thus, during the drive, forward link performance. 

the test mobile will spend some amount of time inside each FIG. 5 illustrates an important consideration involved in 

of the several sectors, possibly in simplex connection with measuring link balance using the test set-up of FIG. 2 and 

those sectors, and at other times it will be at the outer areas 55 the above-described measurement process. FIG. 5 plots the 

of those sectors, possibly in a hand-off mode with other cells hypothetical performance of forward and reverse links as a 

or sectors. The selected drive route should cover the inner function of the value of the total receive path attenuation pad 

and outer parts of several cells, such that performance value and total transmit path attenuation pad value. The 

measures averaged over the drive route provide an accurate performance is measured in terms of a performance metric 

picture of system -wide performance. As the issue of link 60 such as mean forward FER and reverse FER for the respec- 

balance in a CDMA system can be related to mobile tive forward and reverse links. The individual plots for the 

position, the above-described selection of drive route is an forward and reverse links are measured using the process 

important aspect of this particular approach. described above, in which the value of the total receive path 

The system performance may then be measured for the attenuation is increased while the total transmit path attenu- 

forward and reverse links by: (1) setting the common-path 65 ation remains at a substantially lower value so as to maintain 

pad 36 to a particular value, such as 10 dB, and setting the a strong reverse link. It can be seen from the hypothetical 

single-path pad 40 to zero, such that the forward and reverse performance plots that forward link performance remains 
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unchanged at 1.5% mean FFER until the receive path parameters have small differences that are system link 

attenuation value is increased to 18 dB, at which point the budget specific. Hence, there may be a small variation in the 

mean FFER degrades by a factor of two to a mean FFER of pole point value, as well as the receiver interference margin 

3.0%. For the reverse link, the performance remains (also known as the noise rise), from one system implemen- 

unchanged at 0.9% mean RFER until a total transmit path 5 lati °n to another. 

attenuation pad value of 15 dB, at which point the mean II can be seen from FIG * 6C that the loaded reverse hnk 

RFER degrades to 2.7%. For this hypothetical case, the degrades relatively quickly beyond about 22-23 dB of 

conclusion would be that the forward link is better by 3 dB transmit path attenuation^ All of the three measures of 

as compared to the reverse link. r ^ verse lmk Performance shown in FIG 6C degrade at about 

A3 dB reduction in system-wide amplifier power would 10 < he M ™ "tenuation value and therefore mean RFER will 

, r . , , r i • t-tz-T - . . c* *. be used as a benchmark of reverse link performance in the 

cause the forward link performance plot in FIG. 5 to -shift to remaini description. In contrast to the reverse link results 

the left by 3 dB, such that the forward link would degrade of nG 6C the forward |jnk formance and it ^ 

to 3% FFER at a receive path attenuation value of 15 dB. As shown in RGS 6A and 6B has a relatively smootn 

a result, the forward and reverse links would then degrade or degradation, which makes it more difficult to determine a 

"break" at the same attenuation value (i.e., 15 dB). In is forward link "break point." However, the performance and 

accordance with a preferred embodiment of the invention, capacity metrics in FIGS. 6A and 6B (i.e., mean FFER and 

this simultaneous "breaking" of both the forward and % bins >3% for performance, and mean DGU for capacity) 

reverse links, rather than the actual FER steady-state all degrade similarly. 

performance, is used as an indicator of link balance. It FIG. 7 plots forward and reverse link performance taken 

should be noted that it is not the absolute value of the flat 20 from FIGS. 6A-6C on the same scale. This plot can be used 

parts of the plots in FIG. 5 that is used to imply link balance to estimate the affect of certain system configuration 

(i.e., an asymptotic value of FFER greater than an asymp- changes on forward and reverse link performance. In order 

totic value of RFER does not imply a link imbalance). Link to provide an appropriate comparison, the reverse link 

balance is instead determined by the point at which the results have been multiplied by a factor of two, because the 

performance begins to degrade for both forward and reverse 25 effective target FER on the reverse link is essentially 0.5% 

links. In order to determine link balance in this manner, plots for a full rate Markov call. It can be seen from FIG. 7 that 

similar to those shown in FIG. 5 are obtained for the forward about 4 to 6 dB before the reverse link "breaks," perfor- 

and reverse links, while unevenly attenuating the forward mance on the forward link starts to degrade gradually. Once 

and reverse links using the pads 36, 40 of the test set-up 30 the reverse link degrades, its degradation is quite fast. The 

of FIG. 2. As previously noted, the test set-up 30 allows the 30 forward and reverse link plots cross at approximately 2% 

forward and reverse link attenuation to be decoupled or FER, which is twice the target rate, at an attenuation value 

isolated, such that performance of one link can be main- of about 23 dB, and thereafter begin to assume more similar 

tained at an acceptable level while the degradation point of characteristics. It should be noted that, although it was not 

the other link is determined. necessary in this example, the transmit path attenuation in 

FIGS. 6A-6C illustrate forward and reverse link perfor- 35 the test set-up 30 could be increased while leaving the 

mance measurements conducted using the above-described receive path attenuation constant if the reverse link had not 

techniques for an exemplary IS -95 PCS CDMA system with begun to degrade at approximately the same point as the 

a maximum mobile transmit power of 23 dBm and a mobile forward link. 

receiver sensitivity of -104 dBm. The results shown are for r ITie above-described test set-up and measurement process 

a target FFER of 1%, and a target RFER of 1%. The test call 40 can be used to determine the impact of changes in system 

used in the measurements was a full rate Markov call, such configuration, such as a system-wide increase in base station 

_that__the effective voice call target RFER is 0.5%.(^It is t transmit power. For example, a system-wide increase of 3 
*f assumed~thaTthere is a system -wiae~~otberchanner noise-" dB or 5 dB in base station transmit power would shift the 
^ simulator (OCNS) loading of 12 user s at a digital gai n uni t) FFER curve in FIG. 7 to the right by 3 dB or 5 dB, 

\ (DGU) of 72 each; plus the test mobilc~witrTa~ full rate 45 respectively. The shape of the link balance plot in FIG. 7 

^Markov-callp making for a total of 14 users on the forward indicates that additional forward link amplifier power would 

link. A matching load is assumed to be present on the reverse probably be of marginal value in the system. For example, 

link. It should be noted that the straight lines drawn through assume that 3 dB of additional amplifier power is added by 

the data points in FIGS. 6A-6C are for purposes of illus- replacing all 8 Watt average power base station transmit 

tration and clarity only, and do not represent average values. 50 amplifiers in the system with 16 Watt average power ampli- 

FIG. 6 A shows the forward link performance results using fiers. This change will shift the forward link performance 

the metrics of mean FFER and percentage of bins with FFER curvejtojhe jjghTby 3 dBr~Howeverrthis~extnT 3~dB~wilI 

>3%, both asa function of the receive path attenuation value y impact only the mosT~disadvantaged mobiles: the average^ 
in dB. FIG. 6B shows a measure of forward link capacity^ v FFER will be reduced by about 0.35% (from about 1.9% to 

using the metric of mean DGU plotted with the forward link 55 1.55%), and the mean DGU will be reduced by about 5%, at 

performance in mean FFER, both as a function of the receive the point where the reverse link starts to break (i.e., about a 
path attenuation valuer~FIG^6C~shows the reverse~link^ 22 dB attenuation value). Th is very ^marginanperfof mance 

perform anceresu lts-usihg the metrics of mean RFER, per- ^^improvcmelir^ as a whole probably does 

centage of bins with RFER >1%, and percentage of bins not warrant the additional 3 dB amplifier power. Other 

with RFER >2%, all as a function of the transmit path 60 techniques, such as local use of 16 Watt average power 

attenuation value in dB. In the reverse link results, loading amplifiers in specific sectors or cells, may be a more 

has been taken into account by shifting the results to the left cost-effective solution. The forward and reverse link perfor- 

by 3.5 dB, which corresponds to reverse link loading of mance measurements conducted using the test set-up 30 of 
approximately 55% of the pole pointTlt should be noted that , FIG. 2 allow this determination to be made with minimal 
reverse link pole point in a CDMA system depends on J 65 expense and system reconfiguration. Similar measurements 
several parameters, such as the required reverse link E^N^ can be used to provide insight into other potential design 

^required to achieve a specific targeted FERrSome of these changes for a given system. 
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The above-described embodiments of the invention are of the first and second attenuators so as to simulate a 

intended to be illustrative only. Alternative embodiments reconfiguration of a plurality of base stations of the 

could perform other types of link performance system. 

measurements, and could use other mechanisms to decouple 9. The apparatus of claim 8 wherein the system is a code 

attenuation values for the forward and reverse links. For 5 division multiple access (CDMA) system. 

example, the circulator in the test set-up of FIG. 2 could be 10 ^ appara tus of claim 8 further including: 

replaced with a suitable filter or filters which separate the 

transmit and receive paths. These and numerous other alter- * 

native embodiments within the scope of the following a mobile receiver coupled to the antenna; and 

claims will be apparent to those skilled in the art. 1Q a circulator connected between the mobile receiver and 

What is claimed is: the antenna, wherein the first attenuator is connected in 

1. A method of measuring link performance in a wireless the common portion of the receive and transmit paths 
communication system in which a mobile station commu- in series between a port of the circulator and the 
nicates with a base station, the method comprising the steps antenna, and the second attenuator is connected in a 
of: 1S path in parallel with the circulator. 

inserting a first attenuator in a common portion of a U. The apparatus of claim 8 wherein the first and second 

transmit path and a receive path of the mobile station, attenuators are variable attenuators, 

and a second attenuator in one of: (i) a transmit-only 12. The apparatus of claim 8 wherein a value of at least 

portion of the transmit path, and (ii) a receive-only one of the first and second attenuators is selected to simulate 

portion of the receive path, such that a different amount 20 performance of the system in a configuration in which base 

of attenuation can be provided on the transmit path than station amplifier power is altered relative to that of an 

on the receive path; and existing system configuration. 

measuring performance of the system while varying a 13 The apparatus of claim 8 wherein a value of at least 

value of at least one of the first and second attenuators one of the first and second attenuators is selected to simulate 

so as to simulate a reconfiguration of a plurality of base 2 s P erfo rmance of the system in a configuration in which cell 

stations of the system. si ze * s increased relative to that of an existing system 

2. The method of claim 1 wherein the inserting step configuration. 

includes inserting a first variable attenuator in the common 14. The apparatus of claim 8 wherein the performance of 

portion of the transmit path and the receive path, and a forward link of the system is measured while varying the 

inserting a second variable attenuator in one of a transmit- 30 values of at least one of the first and second attenuators, 

only portion of the transmit path and a receive-only portion I 5 - The apparatus of claim 8 wherein the performance of 

of the receive path. a reverse link of the system is measured while varying the 

3. The method of claim 1 wherein a value of at least one valu « of at least one of the first and second attenuators, 
of the first and second attenuators is selected to simulate 16; The apparatus of claim 8 wherein a link balance 
performance of the system in a configuration in which base 35 condition is determined for forward and reverse links of the 
station amplifier power is altered relative to that of an system by varying a value of only one of the first and second 
existing system configuration. attenuators while keeping a value of the other attenuator 

4. The method of claim 1 wherein a value of at least one constant. 

of the first and second attenuators is selected to simulate 17. A mobile station for use in a wireless communication 

performance of the system in a configuration in which cell 4 q system, comprising: 

size is increased relative to that of an existing system an antenna; 

configuration. a mobile receiver coupled to the antenna; 

5 The method of claim 1 wherein the measuring step a circulator connected between the mobi i e receiver and 

further includes measuring the pertonnance of a torward ^ a ntenna- 

link of the system while varying the value at least one of the 45 „ 1 , , r , 

first and second attenuators. a first altenuator connected between a port of the circu- 

6. The method of claim 1 wherein the measuring step lator and the antenna; and 

further includes measuring the performance of a reverse link a second attenuator connected in a path in parallel with the 

of the system while varying the value at least one of the first circulator, wherein the first and second attenuators are 

and second attenuators. 50 arranged such that a different amount of attenuation can 

7. The method of claim 1 wherein the measuring step be provided on a transmit path of the mobile station 
includes determining a link balance condition for forward lnan 013 a receive path of the mobile station. 

and reverse links of the system by varying a value of only 18* The mobile station of claim 17 wherein the second 

one of the first and second attenuators while keeping a value attenuator is connected in a transmit-only path in parallel 

of the other attenuator constant. 55 witr » the circulator. 

8. An apparatus for measuring link performance in a 15. The mobile station of claim 17 wherein the second 
wireless communication system in which a mobile station attenuator is connected in a receive-only path in parallel 
communicates with a base station, the apparatus comprising: w i tn the circulator. 

a first attenuator arranged in a common portion of a 20. A method of measuring link performance in a wireless 

transmit path and a receive path of the mobile station; 6 o communication system in which a mobile station commu- 

anc j nicates with a base station, the method comprising the steps 

a second attenuator arranged in one of: (i) a transmit-only 

portion of the transmit path, and (ii) a receive-only selecting a first amount of attenuation in a common 

portion of the receive path, such that a different amount portion of a transmit path and a receive path of the 

of attenuation can be provided on the transmit path than 65 mobile station; and 

on the receive path, and wherein performance of the selecting a second amount of attenuation in one of: (i) a 

system is measured while varying a value of at least one transmit-only portion of the transmit path, and (ii) a 
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receive-only portion of the receive path, such that the 
selected amounts of attenuation simulate a reconfigu- 
ration of a plurality of base stations of the system. 

21. A method of measuring link performance in a wireless 
communication system in which a mobile station commu- 5 
nicates with a base station, the method comprising the steps 
of: 

decoupling an amount of attenuation provided on a trans- 
mit path of the mobile station from an amount of 
attenuation provided on a receive path of the mobile 10 
station, such that a different amount of attenuation can 
be provided on the transmit path than on the receive 
path; and 

varying the amount of attenuation provided on at least one 
of the transmit path and the receive path to simulate a 15 
reconfiguration of a plurality of base stations of the 
system. 

22. An apparatus for measuring link performance in a 
wireless communication system in which a mobile station 
communicates with a base station, the apparatus comprising: 20 

a transmit path associated with the mobile station; and 
a receive path associated with the mobile station, the 
transmit path including an amount of attenuation which 
is decoupled from an amount of attenuation on the 2 s 
receive path, such that varying the amount of attenua- 
tion on at least one of the transmit path and the receive 
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path simulates a reconfiguration of a plurality of base 
stations of the system. 
23, An apparatus for measuring link performance in a 
wireless communication system in which a mobile station 
communicates with a base station, the apparatus comprising: 
a first attenuator arranged in a common portion of a 
transmit path and a receive path of the mobile station; 
a second attenuator arranged in one of: (i) a transmit-only 
portion of the transmit path, and (ii) a receive-only 
portion of the receive path, such that a different amount 
of attenuation can be provided on the transmit path than 
on the receive path, and wherein performance of the 
system is measured while varying a value of at least one 
of the first and second attenuators; 
an antenna associated with the mobile station; 
a mobile receiver associated with the mobile station and 

coupled to the antenna; and 
a circulator connected between the mobile receiver and 
the antenna, wherein the first attenuator is connected in 
the common portion of the receive and transmit paths 
in series between a port of the circulator and the 
antenna, and the second attenuator is connected in a 
path in parallel with the circulator. 
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